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An electrically driven hammer machine. 



An electrically driven hammer machine comprising a driv- 
ing piston ( 1 03) and a hammer piston ( 1 04) driven by the driv- 
ing piston via a pressure gas cushion (1 06). The driving piston 
is driven by a brushless alternating motor (101) via a crank 
mechanism (105). A solid state inverter (1071 inthe power 
supply conduit { 1 02) supplies power of variable amplitude and 
frequency to the motor. 
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The present invention relates to an electrically driven hamrr.er 
machine. 

In prior art electrically driven hammer machines the motor has only 
5 one operating speed. This is a drawback for instance during 

collaring of a drill hole. In this case the dri.l bit has a tendency 
to move about on the rock face. 

The preS ent invention aims at avoiding this problem by providino a 
10 motor drive where the motor is supplied with alternating current, of 
variable frequency and amplitude. By driving the motor through a - 
so id state inverter it becomes possible to use frequencies being 
substantially higher than ordinary network frequencies so that 
seller and thus li ghter motors can be used. It is also possible to 
15 take advantage of motors having four or even more poles The 
invention is defined by the appended claims. 

An embodiment of the invention is described below with reference to 
the accompanying drawings in which fig.l shows an electrically 

20 driver, hammer machine. Fig. 2 shows an actuator of the 

according to fig. l. Fig. 3 shows the actuator in diagrammatic for. 
Fig. 4 shews the motor drive system. Fig. 5 shows the controller of' 
fig- 4. Fig. 6 shows a regulator of fig. 5. Fig. 7 shows a transfer 
function tor the regulator according to fig 6 

»5 ' " 

The h. BTO r machine shown in fig. 1 comp rises a machine housing 119 
m which a driving piston 103 and a hammer piston 104 are axially 
movable. Hazier piston 104 is driven against a tool 115 by the 
driving piston via elastic means in form of a pressure gas cushion 
106. The driving piston is driven by a brushiess alternating current 

motor 101 via qear wh^pl* m no • . 

y.ar v.n.eis 11 j, 11? ar , 0 crar:! . r , ecn2nisni U4> 1Q5 ^ 

crank pm 114 is eccentrically arranged un gear wheel 112 
Connecting rod 105 is connected to crank pin 114 and to driving 
Piston 103. A hood 118 is provided to attenuate noise emission rnd 
to oirect cooling air inside the machine. Cooling air is taken in 
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throug ,„, et opening 120 and passed acros$ ^ 

unit also comprises a controller 10, fi s . 4, and other electronics 
e coo,,„g air 1s the „ passed through the ^ 

f o is driven by a fan „ 3 connected to the shaft of the Jor. The 
I ' S PaSSed ^ -*»■- «! leave 

: r at , he thereof - Hotor 101 ,S 

o. vanable a n p,uude and frequency through conduits no connected 
to inverter 107. The inverter, which is a solid state inverter s 
Placed ,„ the power supply conduit 102. Alternatively an inverter 
1x6 situated outside the machine could be used. Conduit 117 is 
connected to the aains supply. The machine is further provided with 
handles 103 and a lever 109 for controlling the speed of the 12 

The machine incorporates an actuator 13, comprising an outer tube " 
n which a .agnet 133 in a magnet holder 132 is axial ,y movable 
across a „u*r of magnetica.ly actuated switches 144, 145 and 146 
The magnet holder has a hole 134 into which a thread 130 is 
inserted. The thread is further connected to lever 109 so that the 
PCS tion of magnet 133 is determined by the position 

IT ■ T; 146 are via rcsist ° rs mi - >«• >« -necte ;„ 

• voltage supply 140 and to an output terminal 147. tach of the 

str. This means that the switch can be ,„ either of two 

a n ', , '7 CCr "" Ct1Ve " ate " he " t0 « -»»«» "eld 

iming a strength exceeding , predetermined level and otherwi-e in a 

nonconductive state. The output voltage at output terminal 147 is 

switches being ,„ a conductive state. Kith the magnet in the 
posn™ shown in ffg . 2 no s „ Uch , s conductj ?hu5 

vol age „ equal to the supply volUge at 140. Ihis corresponds to 

~ ° f the BSChi "- «« »e magnet is in its ot e 
extreae position al, switches conduct so that the output vol tag- is 
equal to ?ero. In <hi<: c+^ a , . H voitaye is 

t— ir-i in DSChlne has stop P ed - 0ut P"t 

1 ' 7l,il Kl 15 CKTO ^ to fn;,,t 19 on controller 10. 

Tl* drive syste* she,, in fig. 4 comprises a threcph.se rectifier 22 
1S — to a standard fixed frequency «,„, supply. The 
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rectifier delivers direct current of substantially constant voltaoe 
to conduits 24, 25 , which constitute a positive 24 and a negative 
25 terminal of a direct current supply for an inverter. The inverter 
comprises six switching elements 31-36 for successively connecting 
5 motor terminals 28, 29, 30 on a brushless alternating current motor 
23 to the positive terminal 24 and the negative terminal 25 of the 
direct current supply. The switching elements are in the drawing 
shown as transistors but could, of course, be combinations of 
thyristors or other elements. A diode 27 is placed in anti-parallel 
10 over each transistor to take care of reactive currents at the 
switching off of the transistor, lo control the inverter, control 
signals are supplied from outputs 11-16 on a controller 10 as shown 
in fig. 5. These control signals are supplied via amplifiers 26 to. 
the base of respective transistor. Controller 10 is provided with 
5 inputs 17, 18 through which the direct current in conduit 24 is 
sensed. Controller 10 is further provided with an output 39 and 
inputs 19, 20, 21. Output 39 is only used if it during operation is 
desired to change the direction of rotation of the motor. The 
direction of rotation is selected by applying a logical signal to 
0 input 21. If rotation in only one direction is desired input 21 is 
connected either to a positive voltage or common. The speed of motor 
23 may be changed by variation of a voltage applied to input 19. if, 
as for instance in a grinding machine, it is desired to drive the 
motor at a certain speed, input 19 is connected to a suitable 
5 voltage corresponding to the desired speed. Input 20 is intended for 
receiving a start/stop signal by which rotation or no rotation is 
chosen. If start/stop is selected by means ot the voltage applied to 
input 19, input 20 is connected to a voltage corresponding to 
rotation of the motor. 



3 



Controller 10, which is shown more in detail in fig. 5, comprises a 
sensing means 40 for sensing the direct current in conduit 24. This 
current is presented as a voltage between inputs 17 and 18. The 
output signal of sensing means 40 is applied to a first peak 
detector 41, a low-pass filter 42, a second peak detector 43 and a 
comparator 49. Peak, detectors 41 and 43 comprise. diodes to react on 
positive and negative signals respectively. The" "peak detectors also 
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comprise low-pass filter* p,-„ + 

«- co„s t3nt p of abo :r; ; r: : tector 41 pref - ab " *« ■ 

f^ency of the current s, PpIi d t j : ™ Xi ™ 
^ency, -3dB, of peak ^tor £ "* r f" "» '"-off 
5 Lowpass f1) ter 42 J1„ H * P^aMy abo „ t 0.1 f. 

•«< > c Ut .„ ff freque „ ty 0 p f ab :: t b, ^ 5 ha ; ; "» „f about 1/f 

The pe ak va , ue si9na , 

10 regulator 45 Mrh u k °«ector 41 , s supplied to a first 

'is, which is shown more in detail ,„ r- 
fnm inputs 19 and 20 are lmal J" ^ 6 ' In P ut *<9rals 

S—ator. Ranp oe „e rato 7 T?" * 3 «* « «» of a ^ 

™P"«ers conlLd as „ t g rT:: ~° r *" °~' 
"creasing ra mp voltage at Jto s a ^ °'" 45 " ,th a "- 

* »oid that the no raa , speed J "ij " ■»«<». 

motor is started or stopped A " " " eXCeede,i 

« «"put 19 is also inteoraldh Spee " daM " d ='9nal 

««- time before the o w l ^ 9ene '" at0r ^ Th " S " tate * 
1 adapted to the i„ put Zll 44 *«»» 

0 the an, P' 'tier via resistor 7/1 t,. 
» Provided „,th a feed-back resistor 76 T, a ™ PWfe '- 
amplifier 75 ,« ,„ , re s i stor ! , \ ^ ° UtpUt si *»> <" 

f~ ra„p generate d f v a 's t" »°* ^ * ""^ 
«* '"Puts of operations, a. , ,1 9 ' LTf * ° f 

»«h a first feed-hack resistor , I' ^ " U Pr0VideiJ 

» «» -nes with d,ol s : si 0 r 3 v etond feed - back resist - 

tl»n resistor M. p,^, ^r t ' , 'V W '"^^ 

fr. e !Bp ,ifier 75, Is ed n , ode 7 T T " ^ 
t u .a-. ths oytnut sim-,7 , ' 1S n,ore negative 

Pom,., di";! 5 'r^rsH T — * « ». 

- -p. f fi- 9i i S ; e ; ■ ; a :;i 

to "» « ass,,.,, r::: g ^ ~ 

a «< uu.!i ramp generator 
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44. If the signal from first peak detector 41 increases, the output 
signal from amplifier 75 becomes less negative and at a certain 
signal level, level 95 in fig. 7 , which is preset on resistor 73, 
diode 79 becomes forward-biased. The closed loop amplification of 
amplifier 91 is now drastically reduced so that first regulator 45 
delivers a frequency controlling signal according to line 96 in fig 
/. This signal becorr.es 2ero at about 120 % of the signal at level 
95. The frequency controlling signal from the output of amplifier 91 
is delivered to a voltage-controlled oscillator 47, output 39 and an 
analog d 1V ider 46, e.g. Analog Devices AD 534. The 
voltage-controlled oscillator produces an output signal whose 
frequency is proportional to the input voltage. 

The rectified mean value signal obtained from low-pass filter 42 " 
corresponds to the power supplied to motor 23 because the voltage of 
the direct current supply 24, 25 is substantially constant. This 
signal is supplied to divider 46 where it is divided with the 
frequency controlling signal, which is the demand siqnal for 
rotational speed of motor 23. The output signal of divider 46 will 
thus correspond to the torque demand from motor 23. This output 
signal, first voltage controlling signal, is supplied to a second 
regulator 48. The negative peak value signal, second voltage 
controlling signal, obtained from second peak detector 43 is also 
supplied to regulator 48 so that the output signal of regulator 48 
becomes proportional to the difference between the first and the 
second voltage controll ing. signals. The negative peak value signal 
fro. peak detector 43 corresponds to the degree of magnetization of 
motor 23. This signal is obtained from negative pulses which are fed 
back to the direct current source when the transistors 31-36 are 
switched off,; By controlling the level of these negative puKes it 
is possible to obtain a predetermined level of magnetization of th- 
motor allowing both a high power to weight ratio and the avoiding of 
oversBtureticn. which would give unacceptable losses. 

35 If the signal f ra! , sensing means 40 exceeds a predetermined level 
the output of comparator 49 becomes low. As a result output, 12 u 
and 16 of AND gates 82, 8< and 86 respectively will be low. This ' 
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«* that the iower transistors 32, 34 and 36 of the inverts „•„ 

off fro., the negative frf ™i 25 of the d „ r 3 ° be cut 

cutting off thus function, , ♦ CUrrent 
•5 inverter. transient current protection for the 



Ihe output signal from voltage-controlled oscillator M , 
to a timer 51, preferablv an < n * + - , osc1,lator 47 is supplied 
and tn . h- 0 f "Atrial timer of standard type 5bb 

and to a divider 50. Divider 50 is preferablv * „ ' 
10 which delivers a D uU» ♦ , preferabl * a Programmable counter 
wmybis a pulse train having a freoupnrv ,,hi^ - 

T«er 51 dehvers a p„ ls e train whose frequency is eoual to « 
^cy Of the output signa, fro. voUa e-co^ „ 7 s , Lr^ 

pu,se tr ain is suppled to AKD oates 81 R"? a „w 
85. The pulse train from divider 50 is ™„m - ^ 

ring counter 52 In thP . ' " Cl ° Ch S1 ' 9nal to 

unrer i n the ring counter a 1 and five OS a r 0 c + J 

The ] is shifted around by the pulse train V ! 
a "< >ac k to 53. This makes on p d o h T 7 ^ * ^ 58 
" of the current supplied to ^ ^y 
52 are decoded by OR gates 59 60 and M r ™ 9 C0Unter 

^ — * - - til 1; ^m 0 ! t? of 

^T:^:rr s 63 - 68 - ~ - 

1 UT ro ^tion of motor 21 Th^ nf,+™,*- • 
« « - 61 are supplied to «, ga^s - ' 

actuation of si-i trM™ - . controlling the 

of Sates B2 L I' ' 3nSUt0rS 31 " 36 in the The inputs 

™ and 69 rJspecull 6 ^ »■ 



30 Because the pjilse width n f iu a i 

constant ind! ende e „ ^Tt e""'" 9 ,T " " rai " S 

constant, the ra ean value o aTf a ' 7 ™ 4S U 

fncwn of ih» PC " r "" J cf the '"""anental 

35 electrolytic l„ A d , , ^ " * 

H obtain d 6, „ COntr °' « the — «'« 

■egui.tor « " "* PUl " Bidth ' is control,*,! by 
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1. An electrically driven hammer machine comprising an electric 
motor (101) provided with a power supply conduit (102), a ha^er 
mechanism incorporating a driving piston (103) and a hammer piston 
(104), sa!d driving piston being connected to said motor via a crank 

mechanism (105), said hamper piston being driven in a reciprocative 
motion by said driving piston via elastic means (106), 
characterized in that said motor (101) is a 
brushless alternating current motor and that said power supply 
conduit (102) comprises a solid state inverter (107) supplying said 
motor with power of variable amplitude and frequency. 

2. A hammer machine according to claim 1, character- 
ized by an actuator (131) being connected to supply a direct 
current signal to a controller (10), said controller being connected 
to said solid state inverter (107) to control the amplitude and 
frequency of the power supplied to said motor (101) in response to 
variations in said direct current signal. 

3. A hammer machine according to claim 2, 

characterized in that said actuator (131) comprises 
a number of magnetically actuated switches (144,145,146) for 
selecting the level of said direct current signal. 

4. A hammer machine according to claim 1,2 or 3, char- 
a c t er ized in that a fan (113) for the cooling of said 
hammer mechanism also cools said motor (101). 

5- A hamfoer mechanism according to claim 4, 
characterized in that said solid state inverter 
(107) and said controller are mounted'in the machine to be cooled by 
said fan (113). 
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